A comprehensive validation analysis has been performed that incorporates representativity of multiple parameters, experiments, reference designs, and adjustment of the nuclear data. The work involves a new representativity study among selected reactor designs and several experiments. Application, using existing experiments, to reference design like the ABTR and the SFR has demonstrated that it is possible to achieve a significant reduction of uncertainty on the main integral parameters of interest for their neutronic design. This is possible when the set of available experiments are relevant (i.e. representative of the reference designs), of good quality (i.e. of reduced uncertainty on experimental results), and consistent (i.e. not providing conflictive information).
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I. Introduction
When reliable design target accuracies and nuclear data uncertainties are available, quantitative indications can be defined on priority needs for data uncertainty reductions. Past [1, 2] and present [3, 4] uncertainty and target accuracy assessment studies (see Appendix A) demonstrated that the nuclear data improvements, needed to meet integral parameter accuracy requirements of specific reactor designs, are often very tight and as consequence difficult to reach even with the most sophisticated measurement techniques. This conclusion suggests to pursue a complementary use of differential and integral experiments in order to meet design target accuracies.
At first, a realistic assessment of the potential role of experimental techniques at existing experimental facilities, could help to streamline and prioritize new differential measurements. This effort should be as far as possible coordinated at an international level. In parallel, the use of integral experiments should be envisaged, to provide complementary information. In fact, a powerful strategy has been developed that allows to reduce current uncertainties on design parameters, using integral experiments as much as possible "representative" of the corresponding integral parameters for the "reference" design.
II. The Approach and Theoretical Background
Based on the sensitivity methodology, a representativity factor r RE can be defined to quantify the similarity between a reactor and an experimental configuration [5, 6] :
where S I,R and S I,E are the sensitivity coefficient vectors of the parameter I under study, for the reactor and the experiment, respectively, and D is the dispersion matrix containing the nuclear data covariances. The parameter r RE is closer to the optimum value r RE = 1 as S I,R and S I,E become similar.
The representativity factor can also be used to get an estimate of how the dispersion 
III. Calculation Tools
In the present study, all the sensitivity calculations have been performed with the ERANOS code system [7, 8] , which allows calculating homogeneous and inhomogeneous solutions of the Boltzmann equations, generalized importance functions and performing perturbation and uncertainty analysis. The discrete ordinate module BISTRO [9] has been used to perform flux and generalized importance function calculations. An S 4 P 1 approximation in RZ geometry has proved accurate enough for this type of calculation.
Cross-section data have been processed with the ECCO code [10] . The nuclear data are from the JEF2.2 [11] and JEF3.0 [12] libraries. For all the investigated reactors, homogenized cross-sections have been calculated, since heterogeneity effects on the cross-sections are rather small in the systems under study.
IV. Demonstration of the Representativity Methods
To investigate the performance of the methodology discussed in Section II, a representativity study was first performed between a Sodium-cooled Fast Reactor (SFR), investigated in Ref. 2 , and the series of the CIRANO experimental configurations, ZONA2A, ZONA2A3 and ZONA2B [13] . Geometry and compositions are presented in Appendix B. The CIRANO specifications are recently available at ANL in the framework of a DOE/CEA agreement.
The SFR is a burner fast reactor of 840 MW th power with conversion ratio CR=0.25. The core is loaded with U-TRU-Zr metallic alloy fuel (enrichment: 56%; Minor Actinides, MA: 10%), using Na coolant. The system uses stainless-steel reflector.
The CIRANO experimental program was carried out in France in the 1990's in the frame of the studies on Puburners (rather than Pu-breeders) fast reactors, where the traditional fertile blankets are replaced by stainlesssteel reflector. The CIRANO program had three different phases:
• ZONA2A, with MOX fuel zone surrounded by axial and radial UO 2 blankets;
• ZONA2A3, with MOX fuel zone surrounded by an axial UO 2 blankets and a radial stainless-steel reflector;
• ZONA2B, with MOX fuel zone surrounded by axial and radial stainless-steel reflectors.
The fuel is made of mixed PuO 2 -UO 2 oxide. The Pu/(U+Pu) content is about 25%, with about 77% Pu-239.
The representativity study were done with respect to the multiplication factor. Sensitivity coefficients were first obtained over a 33 group structure and then collapsed over the 15 macro-groups of the available covariance data.
In this demonstrative analysis, the home-made ANL covariance matrix [14] has been used (see Appendix C for the variance data). Cross-sections have been produced with the JEF3.0 data library. Tables 1 and 2 show the breakdown of the k eff uncertainty components by isotope and cross-section type. As expected, the contribution from the MA cross-sections is important for the SFR, while it is practically negligible for the CIRANO configurations. The representativity results are summarized in Table 3 . It can be noticed that the representativity factors obtained for the SFR and each CIRANO configuration vary between 0.622 and 0.652 and are quite far from the optimal value 1, because of the role played by the minor actinides. The higher representativity factor is obtained for the ZONA2B configuration that, like the SFR, has no blanket. Looking at the obtained reduced uncertainties, it can be concluded that based for instance on the information from the ZONA2B configuration, the total uncertainty on the SFR multiplication factor can be reduced from the initial 1.1% to 0.87%. Of course, more consistent uncertainty reductions could be obtained if the selected experiments give better representativity factors. 
V. Representativity of Multiple Experiments
A more comprehensive validation analysis has been performed that incorporates representativity of multiple parameters, experiments, reference designs, and adjustment of the nuclear data. The work involves a new representativity study among selected reactor designs and several experiments.
Besides the SFR, the Advanced Burner Test Reactor (ABTR) was chosen as reference reactor in view of the new GNEP initiatives [15] . On the other hand, among the several hundreds integral experiments performed in the USA that are the most relevant to the AFCI and GENIV programs, JEZEBEL (Pu239 and Pu240 configurations) [16] , and GODIVA [16] have been selected. In addition, the French MUSE4 [17] and CIRANO, both available at ANL, have been also considered for assessing data and methods impact in configurations without blankets typical of transmuter designs.
A short description of the investigated systems is provided in the following, while geometry and compositions can be found in Appendix B.
• ABTR: 250 MW th -Na cooled; U-TRU-10Zr fuel; HT9(75%)-Na(15%) reflector; enrichment: 17%, MA: <1%; • GODIVA: based on the experiments performed by Los Alamos National Laboratory; included with the purpose to determine the critical mass of a bare sphere of highly enriched uranium (HEU: 94 wt.% U-235).
The final goal of the present study is to provide guidelines for a cross-section adjustment at the first stage based over a 4 energy macro-groups structure. For a more in-depth analysis, the same work could be performed in the future over a finer energy group structure.
To be consistent with this goal, sensitivity and uncertainty coefficients have been produced over a 4 energy group structure, with energy boundaries: 19.6 MeV, 498 keV, 67.4 keV and 2.04 keV down to the thermal energy. A dispersion matrix, giving the cross-section uncertainties, had to be developed on the same group structure. This matrix has been derived from the 15-group ANL covariance matrix and presented in Appendix C. Cross-sections are now produced with the JEF2.2 data library.
The representativity study has been performed with respect to the multiplication factor and the void reactivity coefficient. This last parameter has been calculated voiding the entire core or only a central zone, whose volume is arbitrarily fixed to 61500 cm 2 (R=29.5cm; H=22.5cm) for each investigated system in order to minimize the leakage effects. Tables 4 to 7 show the breakdown by isotope and cross-section type of the obtained uncertainty coefficients for the multiplication factor of each system under study. The representativity factors are presented in Table 8 (absolute values and reduced uncertainties are summarized in the same table). It is observed that CIRANO and MUSE4 show quite good representativity factors with respect to the ABTR reactor, while the similarity with the SFR decreases because of the important role played by the minor actinides. 
VI. Nuclear Data Validation and Fast Reactor Design Performances Uncertainty Reduction
As already discussed in Section V, uncertainty and sensitivity analysis can be used to effectively combine nuclear data covariance information, integral experiments, their "representativity" [18] and their associated experimental uncertainties in order to reduce a priori uncertainties on performance parameters (like k eff or reactivity coefficients) that characterize a reference design configuration. Several approaches (usually called "bias factor" methods, see e.g. Refs. 19 to 22) have been attempted. In the present work, a general and consistent method has been defined and an application has been performed to show relevant features of the uncertainty reduction process.
VI.1. Method Description
Denoting B p the "a priori" nuclear data covariance matrix, S B the sensitivity matrix of the performance parameters B (B=1…..B TOT ) to the J nuclear data, the "a priori" covariance matrix of the performance parameters is given by: If only one performance parameter B and only one experiment "n" is considered, and if B A =0, from Eq. 8 the expression of the "representativity" for only one integral experiment can be derived as defined in Ref. 6:
Then, Eq. 8 can be considered as a generalized expression for the reference parameter uncertainty reduction as given in Ref. 6 . This generalized expression accounts for more than one experiment and allows estimating the impact of any new experiment in the reduction of the "a priori" uncertainty of the design performance parameters.
VI.2. Results
The method described above has been used to evaluate the potential for reduction of "a priori" uncertainties associated to two reference systems, namely the Advanced Burner Test Reactor (ABTR) as introduced in Section V and the Sodium-cooled Fast Reactor (SFR) burner, as introduced in Section IV, using a series of existing high accuracy integral experiments. "A priori" uncertainties on selected integral parameters B (k eff and the sodium void reactivity coefficient at core center) have been evaluated for both systems, using basic nuclear data uncertainties and correlations consistent with the those defined in Ref. A set of 42 integral experiments [24] has been considered. The initial C/E values and experimental uncertainties ε are given in Table 9 . In the same table, the "a posteriori" C'/E and ε' values (i.e. after the statistical crosssection adjustment), are also shown. 1.004 ± 0.002 0.998 ± 0.001 (a) Isotope A/B atom density ratio at the end of irradiation of a sample of isotope A [24] ; (b) Isotope atom density at the end of irradiation of TRAPU fuel pins with different initial Pu vectors [24] ; (c) Normalized fission rates and k eff in the MUSE critical experiment at MASURCA [17] ; (d) GODIVA: U-235 Sphere [16] ; (e) JEZEBEL9: Pu-239 Sphere [16] ; (f) JEZEBEL0: Pu-239 Sphere with high Pu-240 content [16] ; (g) Np Sphere [16] ; (h) k eff of the critical experiment CIRANO (high Pu content) at MASURCA [13] .
As for the new covariance matrix p B , Table 10 shows as an example the new and "a priori" uncertainty data, based on Ref. 14, for the fission cross-sections of Pu-239, Pu-240 and Pu-241 in groups 1 and 2 of the 4 energy group scheme chosen for the present study (see Section V). The uncertainty reduction is very significant, in particular in group 1 (20MeV<E<0.5MeV). Moreover, a specific feature of the procedure is that new energy and among isotopes correlations are introduced, as a result of the adjustment.
Finally, it is interesting to note that not only the "a posteriori" uncertainties of the integral experiments are reduced (see Table 9 ), but correlations among experiments that "a priori" are equal to zero are now different from zero, and sometimes very significant and well justified on physics ground. One example is relative to the Pu-239 atom density in the TRAPU2 experiment: "a posteriori" correlation coefficients are observed e.g. with the U-238/Pu-239 and Pu-239/Pu-240 atom ratios in the PROFIL1 experiment (correlation coefficients equal to 0.76 and -0.50 respectively), with the Pu-240 atom density in the TRAPU1 experiment (0.44), with the U-238 fission spectrum index in MUSE (0.12), and with the k eff of MUSE and CIRANO (-0.13 and -0.11, respectively).
As for the initial (B B ) and resulting ( )
covariance matrix for the integral parameters of the SFR and ABTR reference systems, the reduction of uncertainty e.g. on the k eff , is quite considerable (from 2.02% to 0.36%) in the case of the ABTR. In the case of the SFR the reduction is smaller (from 1.77% to 1.13%), due to the fact that the chosen integral experiments are not sensitive enough to minor actinides nuclear data, but still significant.
A very general study along these lines is underway. 
VII. Conclusions
A comprehensive validation analysis has been performed that incorporates representativity of multiple parameters, experiments, reference designs, and adjustment of the nuclear data. The work involves a new representativity study among selected reactor designs and several experiments. Application, using existing experiments, to reference design like the ABTR and the SFR has demonstrated that it is possible to achieve a significant reduction of uncertainty on the main integral parameters of interest for their neutronic design. This is possible when the set of available experiments are relevant (i.e. representative of the reference designs), of good quality (i.e. of reduced uncertainty on experimental results), and consistent (i.e. not providing conflictive information).
In the future the proposed technique will be extended to a very large set of available experiments that will be analyzed with the best existing methodologies in order to minimize the impact of possible systematic calculational errors.
Appendix A. Uncertainty and Target Accuracy Assessment Using the Recent Covariance Data Evaluations

A.1. Background
The choice of the preferred systems for the future has been made, under the auspices of the Gen IV initiative, based on a set of high-level requirements: waste minimization, sustainability, safety, economy, and nonproliferation. At the same time, in the framework of the Advanced Fuel Cycle (AFC) program, several systems have been considered as possible transmuters of Minor Actinides (MA). The physics of these reactors and their associated fuel cycles is rather well understood. However, their optimization, in order to comply more effectively with the requirements, and their timely deployment, requires focusing the research and development in all fields, in particular for innovative fuel development and processing, and also in the reactor physics field. In this last area, the role of nuclear data is quite significant. Most data are by and large available, but their accuracy and validation is still a major concern.
In order to make a comprehensive assessment, the tools of sensitivity and uncertainty analysis are needed. These tools have been widely developed in the past, in particular for the assessment in the '70s and '80s of fast reactor performances.
Recently, the Working Party on Evaluation Cooperation (WPEC) of the OECD Nuclear Energy Agency Nuclear Science Committee has established an International Subgroup (Subgroup 26) to perform an activity in order to develop a systematic approach to define data needs for Gen-IV and, in general, for advanced reactor systems.
For this type of study, two major difficulties are encountered. First, it is needed to define at an early stage, representative, i.e., general enough, "images" of "future systems". Second, it is necessary to establish a realistic "compilation" of nuclear data uncertainties and their correlation (variance-covariance matrices). This analysis has been already carried out in the past [2] .
• In Ref.
2, regarding the first point, reference "images" were defined to the best of the present knowledge for a SFR (in a TRU burning configuration i.e., with a Conversion Ratio CR<1); for a large SFR, referred as EFR (with full recycling of MA and CR~1); for a GFR (with full recycling of MA); for a LFR (as defined for an IAEA benchmark); and for a VHTR with particle fuel. Finally, an extended burnup (100 GWd/t) PWR was also studied.
• As far as the second point, in Ref. 2, the study was carried out with an "educated" guess of uncertainties for all the isotopes of interest (actinides, structural and coolant materials), based, as much as possible, on the nuclear data performance in the analysis of selected, clean integral experiments (irradiated fuel and sample analysis, criticality and fission rates in zero-power critical facilities) [24] . For the correlations, as first guess a very crude hypothesis of Partial Energy Correlations (PEC) "by energy band" was used.
Recently, preliminary cross-section covariances have been developed within the WPEC Subgroup by joint efforts of several laboratories. The new set of uncertainties is called BOLNA.
In this appendix, the integral parameters uncertainties reported in Ref. 2 have been recalculated with the use of the new covariance matrix and compared with the results previously obtained. The methodology, the systems considered and the sensitivity approach are consistent with the work reported in Ref. 2 . However, for the present study, the approach has been extended to the ABTR Na-cooled core, recently studied within the GNEP initiative [15] and to an Accelerator-Driven Minor Actinides Burner (ADMAB) investigated in Refs. 1 and 25. As in Ref.
2, the integral parameters object of the uncertainty evaluation and characterizing the reference systems and their associated fuel cycle are: criticality (k eff ), power peak in the core, Doppler and coolant void reactivity coefficients, reactivity swing during burnup, isotope concentrations in the spent fuel, decay heat of the spent fuel in a repository, dose (radiotoxicity) of the spent fuel or of the wastes in a repository, at selected times after storage and neutron source associated to the spent fuel e.g., at fuel fabrication.
A successive study based both on the results of the uncertainty evaluation and on the definition of target accuracies for the various integral parameters, has been carried out in order to provide guidelines on priority requirements for data improvements. This kind of analysis was also performed in Ref. 2 in a preliminary form. Now, the study is carried out with well-established data target accuracies defined within the Subgroup 26.
Finally, part of the results and relative conclusions provided in this appendix has been already published in Refs. 3 (for the uncertainty evaluation) and 4 (for the target accuracy study).
A.2 Covariance Matrices
The "home made" ANL covariance matrix [14] , has been obtained by updating the covariance matrix used in the ADS study [1] by taking into account the results of clean integral experiment analysis, in particular irradiated sample/fuel analysis, which gave valuable information on capture and some (n,2n) cross-sections, and fission rate measurements in critical assemblies [24] . The uncertainty values, have been given by "energy band", consistent with multigroup energy structures used for deterministic calculations both of thermal and fast reactors. Concerning the off-diagonal terms, in the ANL covariance matrix the hypothesis of Partial Energy Correlations (PEC) was adopted: as first guess, the same correlations for all isotopes and reactions, under the form of full energy correlation in 5 energy bands was used [2] .
Rather than using the ANL covariance matrix, the present uncertainty assessment has been carried out with preliminary cross-section covariances that have been recently developed within the WPEC Subgroup by joint efforts of several laboratories. The new set of uncertainties is called BOLNA (standing for BNL, ORNL, LANL, NRG, ANL, from the Labs where the covariances were produced).
With more details, cross-section covariances for 45 out of 52 requested materials [26, 27] [28] , the Atlas of Neutron resonances [29] , the nuclear model code EMPIRE [30] and the Bayesian code Kalman [31] ; • 6 isotopes (Gd-155,156,157,158,160 and Th-232) were taken from ENDF/BVII.0; • 3 isotopes (H-1, U-238 and Pu-239) were taken from JENDL-3.3.
Covariances for the average number of neutrons per fission, total nu-bar, have been provided for 16 actinides identified as priority by the Subgroup.
LANL has evaluated the covariance matrices for U-235, U-238 and Pu-239, in the fast energy region, using only differential measurements and nuclear model calculations. A generalized-least-squares technique is used to evaluate a global covariance matrix based solely on experimental differential information. Since nuclear model calculations are used to complement experimental data, a Kalman filter is then used to combine experimental data and model calculations covariance matrices. This procedure has been used for the three isotopes U-235, U-238, and Pu-239, for the reaction cross-sections of (n,fission), (n,capture), (n,total), (n,elastic), (n,inelastic), and (n,xn). The covariance matrices related to the average number of neutrons have been obtained from experimental data only.
To complete these data, at ORNL resonance-parameter covariance evaluations have been performed for U-235, U-238, and Pu-239 with the computer code SAMMY [32] . For U-235 the covariance evaluations have been done in the resolved and unresolved energy regions whereas for U-238 and Pu-239 only the resolved resonance covariance evaluations have been done. Experimental uncertainties are incorporated directly into the evaluation process in order to propagate them into the resonance parameter results [33] .
Finally, covariance data files for Pb isotopes have been produced at NRG by a purely stochastic approach [34] . This is accomplished by subjecting the nuclear model code TALYS [35] to a Monte Carlo scheme for perturbing the input parameters of the various nuclear models, such as level densities, gamma-ray strength functions and the optical model. In summary, for the BOLNA covariance matrix, all the available BNL data have been used, except the U-235, U-238 and Pu-239 data that have been taken from the combined LANL/ORNL evaluation and the Pb isotope data, taken from the NRG evaluation. Missing data have been taken from the ANL estimated covariance data [14] . The diagonal values of the BOLNA covariance matrix are presented in Appendix C.
A.3. Systems and Integral Parameters Analyzed
Eight systems, related to Gen-IV, AFCI and GNEP, have been considered, and their main features are: The integral parameters considered in the study are:
• Criticality (multiplication factor);
• Power peak value;
• Doppler reactivity coefficient;
• Coolant void reactivity coefficient;
• Reactivity loss during irradiation;
• Transmutation potential (i.e. nuclide concentrations at end of irradiation, n f , or density variation during burnup, Δn = n f -n i ); • Decay heat in a repository (at 100 years after disposal);
• Radiotoxicity at t=100000 years after disposal.
• Radiation source at fuel discharge;
Nominal values calculated for each reactor are summarized in Tables 11 to 17 . In the present study, the crosssections have been generated with the JEF libraries, in particular with JEF3.0 for the Fast Reactors (FRs) and with JEF2.2 for the ADMAD and the two thermal reactors VHTR and PWR. 
A.4. Uncertainty Analysis
A selection of the results obtained with the full BOLNA covariance matrix is shown in this section. Uncertainty evaluations and target accuracy assessment have been avoided only for the Doppler coefficient of the ADMAB due to its small calculated value. The uncertainties shown for the reactivity loss due to burnup, account only for the heavy element component, since individual fission product uncertainties are not generally available. In Ref.
2, an "integral" estimation of the uncertainty on the capture and scattering components of a "lumped" fission product was used, i.e. 10% on the capture cross-section and 20% on the total scattering cross-section of a "lumped" fission product in a fast spectrum, and 2% on the capture cross-section of a "lumped" fission product in a thermal spectrum. The contribution of the fission product uncertainty to the overall burnup reactivity is significant only in the case of a fast reactors with an extended burnup (as it is the case of EFR, see Table 21 ). For that case, it would be valuable, to improve the uncertainty assessment, to have available the covariance data of the ~20 most important fission products, in particular in the fast energy range. As for the other integral parameters, the results presented in Tables 18 to 20 confirm a relatively small impact of data uncertainties on the power peak values (except for the ADMAB) and on the Doppler coefficient. As for the void reactivity coefficients, the impact of nuclear data uncertainty can be not negligible in Na-cooled systems and could have some impact on current Na-void coefficient minimization studies.
In summary, most of the uncertainty values shown in Table 18 , although sometimes significant, would not in principle affect the pre-conceptual design of any of the FR systems considered. However, some conservatism which could be suggested by the results shown in the table, can have some economic impact in later phases of the design, and new evaluation/experiment (differential or integral) could be well justified in order to reduce uncertainties and associated cost.
In order to point out potential high priority domains of investigation, the major features of the uncertainty impact for FRs are summarized in Tables 22 to 24 . One can point out three major data sources for the overall uncertainties: 1. the Pu isotopes (other than Pu-239) major reactions (fission, capture and nu-bar), see Table 22 . In the case of Pu-239, the major impact is due to the capture cross-section, since the uncertainties associated to this isotope and in particular to its fission cross-section are now extremely reduced, i.e. most often well below 1%; 2. selected MA fission cross-sections (see Table 23 ), but only in TRU burner fast reactors like the SFR, which has a 15% MA content in the fuel, or in the ADMAB; 3. inelastic cross-section data (see Table 24 ), and most notably of U-238, Fe-56 and Na-23 (in Na-cooled FRs).
Besides these three wide "categories" of uncertainty contributions, one should not neglect still some impact of the U-238 capture, despite the very small uncertainty values of the present covariance data evaluation.
As for the uncertainties on the nuclide densities variation between beginning and end of cycle, the most significant results are once more related to cases where the irradiation time is significant. Since the case of the EFR is the fast reactor case with the highest burnup, results are shown for Pu isotopes (Table 25 ) and for selected minor actinides (Table 26 ). These tables give the uncertainty on the nuclide density at end of cycle. In all cases, as expected, the uncertainties are due to the capture and fission cross-sections of the very same isotopes. The impact of such uncertainties can have some relevance on mass flows and inventories in the fuel cycle. As far as thermal neutron systems, relatively small uncertainties on integral parameters are observed, see Table  27 , since very small uncertainties are assumed on the low energy data of U-235, U-238, and Pu-239 and also of the Pu-240 capture close to the first resonance. There is however a few significant contributions as, e.g., the Pu-241 fission cross-section uncertainty to the PWR end-of-cycle reactivity.
As for the energy break-down of the uncertainties, Table 28 gives, as a typical example, the energy break-down in the case of the SFR k eff of a few fission and capture contributions. The wide energy range (~5MeV-1keV) of relevance is due to the variety of fast spectra considered. The present results are of a very high relevance for future reactor system feasibility studies, since for the first time, a scientifically based, even if yet preliminary, set of variance-covariance data is available to reactor system designers, which allows to establish reliable uncertainties on all reactor and fuel cycle design parameters.
One important point seems to be the shift of priority from the three major actinide fission data to their inelastic (in particular for U-238) and capture data (for Pu-239, and, at a lesser extent, for U-238; the case of U-235 capture data in the keV region is presently under investigation). Higher priority should also be given to higher Pu isotopes (and in particular to their fission data) and to selected coolant/structural material inelastic cross-sections (e.g. Fe-56 and Na-23). Minor actinide data play a significant role only for dedicated burner reactors (ADMAB or critical) with Conversion Ratio CR=0 and a content of MA in the fuel of 50% or higher. For more conventional burners (Pu/Ma~5) and down to CR~0.25, only selected MA data require significant improvements.
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ANL-AFCI-197 19 Finally, a complementary re-assessment of the uncertainty on decay heat and on some other fuel cycle parameters for innovative systems will be performed as part of the future activity of the WPEC Subgroup.
A.5. Target Accuracy Assessment
Within the Subgroup 26, a preliminary list of design target accuracies has been agreed upon for fast reactor systems (at first, independently of the coolant or the fuel type), see Table 29 , for (V)HTRs, see Table 30 , and for high burnup PWRs, see Table 31 . These target accuracies reflect the perceived status of the art, even if they are not the result of a systematic analysis, which should necessarily involve industrial partners. Moreover, it has to be kept in mind that no well defined "images" for any of the Gen-IV systems exist at present. This means that the target accuracies shown in particular in Table 29 reflect the current thinking of systems with innovative fuels and core configurations described in Ref. 2, i.e. the Na-cooled systems (burners with different fuel types as the SFR and ABTR, or self-sustaining as the EFR), gas-cooled GFR and lead-cooled LFR. The case of the (V)HTR is somewhat different, since the target accuracies shown in Table 30 were suggested by a major industry (AREVA). In absence of specific information, the same target accuracies of the FRs have been selected for the ADMAB, while the accuracy requirements for the PWR have been taken from Ref. 2. The cross-sections uncertainties required for satisfying the target accuracies have been calculated by a minimization process [2] that satisfies the nonlinear constraints with bounded parameters. Several optimization codes (including OPTIMA, KNITRO, SNOPT, etc.) were tested for this minimization process in order to verify that consistent answers were obtained and not local minima. At the end, the SNOPT code [36] was selected because of the ease in using the FORTRAN interface.
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ANL-AFCI-197 20 At the first stage it was decided not to account for correlations between data. This assumption is of course rather arbitrary, but it is consistent with standard requirements for reactor design in early phases of development. The "BOLNA diagonal" uncertainties are provided in Table 32 (in red are the uncertainties out of the required accuracies). As general view, it can be observed that the power peak, the Doppler and void reactivity coefficients, meet the accuracy requirements in all cases with the only exception of the ADMAB for the three parameters and of the SFR for the void coefficient. The worst situation is represented by the ADMAB, where all integral parameter uncertainties (with the only exception of the nuclide densities at end of irradiation, due to the short burnup) do not meet the accuracy requirements.
Additionally, to avoid the introduction of meaningless parameters, as unknown parameters (i.e., as cross-sections for which target accuracies are required), only those which globally account at least for 98% of the overall uncertainty for each integral parameter have been chosen. Concerning the cost parameters, quantifying the effort of improving specific nuclear data with respect to the others, as already done in previous work [2] , a constant value of one is initially associated to all cross-sections, no matter which is the isotope or the energy range. Table 33 shows a summary of the results obtained over the whole set of fast reactors. Values are given as uncertainty ranges within selected energy intervals and only the most significant values are shown. Several relevant features can be pointed out. As expected from the results of the uncertainty analysis, very tight requirements are shown for the σ inel of U-238 (2-3%), Fe-56 (3-6%), Na-23 (4-10%) and even for Pb isotopes. The required accuracies are probably beyond achievable limits with current techniques. Additionally, using specific sets of cost parameters, it has been demonstrated [4] that there are little margins to relax the requirements on σ inel if one does not want to produce comparably difficult requirements on some Pu isotope σ fiss and σ capt . In any case, the accuracy requirements for Pu isotopes are very tight (very often <2-3%). As for σ capt , the requirements for U-238 and Pu-239 aim to cut by more then a factor of 2 the current uncertainties. The high content of Pu in the fuel and the relatively clean Pu vector are at the origin of the observations made. The requirement for improved accuracy of the higher Pu isotopes, and in particular the fission of Pu-241, is more stringent for the EFR, GFR and LFR cases.
In the case of MA, uncertainties improvements for selected isotopes and reactions in some cases are very significant. However, this is the case when MA play an important role in the critical balance, as for MA dedicated burner with a fuel heavily loaded with MA (SFR and ADMAD). For these very specific cases, the accuracy requirement for σ fiss of selected MA isotopes can go from 3 to 7%.
A few specific requirements are shown according to specificities of some cores, e.g. Si data requirements for the GFR and Pb data for the LFR and ADMAB. Tables 34 and 35 give a summary of the main data requirements related to the thermal neutron systems, i.e. the VHTR (Table 34 ) and the extended burnup PWR (Table 35 ). The present analysis indicates few relevant requirements. In the case of the VHTR, it is required to improve Pu-241 σ fiss below ~400 eV. Pu-239 and Pu-241 very tight σ capt requirement below ~0.5 eV are also shown, together with C data improvements (both capture and inelastic) with respect to current uncertainty estimates. For the PWR with extended burnup, the requirements to improve Pu-241 and some O data can be stressed. The required cross-section accuracies, obtained from the optimization procedures, are such that the design target accuracies are fulfilled in most cases.
Since many of the requirements are very tight (as e.g. for some σ inel , in particular for U-238; for the σ fiss of Pu-241, between ~1-500 keV; and for σ capt of Pu-239 at ~1-500 keV) and difficult to be met within a reasonable time horizon, it seems that a strategy of combined use of integral and differential measurements should be pursued (see Sections IV and V). Finally, it should be stressed the essential role played by the recent effort in several laboratories to assess credible uncertainty data, which help to define a sound strategy for nuclear data improvements to meet the needs of future reactors and their associated fuel cycles. 
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